Introduction
During geomagnetic disturbances, the electric fields and particle populations that characterize the auroral region expand equatorward and their effects are felt at previously sub-auroral latitudes [e.g. Yeh et al., 1991; Foster, 1995] The equatorward extent of the plasma sheet particle population lies on field lines near the plasmapause and precipitation from the plasma sheet alters the ionospheric conductances, currents and fields. These, combined with the timedependent effects of injected particles, serve to shield the inner magnetosphere from the strong auroral disturbances. During such conditions, an intense polarization electric field can be set up near the equatorward extent of the pre-midnight sunward convection and this drives the latitudinally narrow polarization jet or sub-auroral ion drifts (SAID) [Galperin et al., 1974; Spiro et al., 1979] . Associated with the region of strongest convection, frictional heating leads to atmospheric chemistry changes and a deep, narrow F region trough is formed [Schunk et al., 1976] . Energetic electrons at higher L values in the outer radiation belt are lost as their gradientdrift paths intersect newly opened field lines on the dayside, while strong precipitation mechanisms lead to radiation belt dumping and D region ionization in the night sector at lower L values in the auroral region. The dynamic coupling between the magnetosphere Copyright 1998 by the American Geophysical Union.
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0148-0227/98/98JA-00018509.00 and ionosphere at previously subauroral latitudes is especially pronounced during the expansion of auroral phenomena and the growth and decay of electric-field shielding whic h accompany the early phases of impulsive magnetic disturbances. Here we use a variety of space-based and ground-based sensors to detail the chronology, spatial extent, and synchronism of the phenomena observed near L=3.5 (58 ø invariant latitude A) during the early phases of the November 3-4, 1993, event.
Observations and Discussion
The November 3-4, 1993, storm event was characterized by a sudden and severe response of the magnetosphere and ionosphere to a strong solar wind perturbation. Details of the event and the solar wind driver are found in the work of Foster and Rich [this issue] and the other papers devoted to this event in this issue. As a contribution to the overall understanding of this event, this paper focuses on the relative timing and spatial location of effects observed at magnetic mid latitudes in the pre-midnight sector during storm onset. We find electric fields to provide a prompt signature of the storm intensification and an electric field-induced uplifting of the F layer peak height was the first observed midlatitude effect. This was followed 10 min later by the onset of VLF propagation perturbations which indicate the onset of the energetic precipitation in this local time sector. We find the latitude extent of outer zone energetic precipitation to coincide with the extent of VLF propagation perturbations and colocate the precipitation bands A radar/radiotomography campaign, the Russian-American Tomography Experiment (RATE), was being conducted during the early phases of the severe geomagnetic disturbance on November 3-4, 1993. Elevation scans were performed with the Millstone Hill incoherent scatter radar and these provided observations of ionospheric plasma concentration (density), temperatures, and line-ofsight velocity over a 180 -500 km altitude range and over the mag- These data indicate that the ionospheric D region began to change at 2332 UT and that this change was not steady but rather showed great temporal variability (possibly in multiple locations) because of the oscillatory nature of the VLF amplitude perturbations. Occurrence of such an ionospheric disturbance at D region altitudes implies significant particle precipitation at energies greater than ~100 keV in order to cause the observed ionospheric changes below ~80 km. Comparison with Figure 2 indicates that the high-energy precipitation was confined to the most equatorward portion of the 0.3 -30 keV precipitation seen by DMSP F8.
We can also conclude from the configuration of the paths that this precipitation was limited to latitudes equatorward of 58øA (L < 3.5) because the NLK-GA path (which is everywhere north of the receiver at Gander except very close to the transmitter) did not exhibit any precipitation effects. The precipitation region must have also been somewhat distributed in longitude in order to appear on both the NAA and NAU paths, but the extent is uncertain because the latitude cannot be precisely determined. We indicate by shading in Figure 3 Our study has shown the following: 1. An uplifting of the F layer by an eastward electric field is the first storm-related phenomenon observed at subauroral latitudes in the evening sector.
2. Energetic electron precipitation delineating the poleward edge of the outer radiation zone occurs near the equatorward limit of plasma sheet electrons in this local time sector.
3. The spatial extent of VLF propagation perturbations coincides with the region of precipitation losses from the outer zone.
4. VLF amplitude perturbations provide a precise means of timing energetic particle precipitation events on field lines intersecting the propagation path.
